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The Ebro Basin (fig. 1)is situated in the NE sector of
the Iberian Peninsula; limited by the Pyrenean Chain to
the north and the Iberian Mountains to the south. It is fil-
led with Tertiary sediments, Le.: conglomerates and
sands near its margins and c1ays, marls, limestones, and
evaporites (mainly gypsum and halite) in the central part
of the basin. The majority of the Ebro Basin Quaternary
deposits are pediments and terraces. They are related to
the Ebro River and its tributaries, and lie discordandtly on
top ofthe Tertiary rocks. Successive terraces (T) and pedi-
ment (G) levels with detrital cover - gravel and sands with
interstratified c1ays and silts - have developed during the
Quaternary .
ABSTRACT
Les études de dép6ts quaternaires dan s deux aires du Bassin ter-
tiairede I'Ebre (NE de l'Espagne) révelent une déformation d' origine
diapirique, dont letype re flete les différentes caractéristiques structu-
rales et lithologiques du "socle' ~Ces déformations ont été attribuées
aux processus diapiriques suivants: (a) l'intrusion de marnes du Ter-
tiaire dan s la cou verture Quaternaire et (b) les mouvements halociné-
tiques du gypsea petite et grande échelle. Ces structures d'origine
diapirique sont classifiées en quatre groupes: do mal et basculements,
en relation au processus (1); et perforant et domal-perforant, en rela-
lion au processus (2). Les effets de déformations provoquées par
effondrements d'origine karstique sont aussi présentes. A quelques
localités des galets striés et impressionnés ont été trouvés. Dans le cas
des diapirs perforants iI n'y a que des failles inverses, tandis que dans
letype domal-perforant on trouve aussi des faillesacomposante nor-
maleo La validité de cette derniere observation est constatée par le
modele reproduit ill'échelle en laboratoire. Le type de phénomenes
diapiriques observés dépend de la lithologie et de la structure du
"socle" tertiaire. La plupart des structures observées se localise dans
les niveaux du Quarternaire inférieur et moyen.
The paper deals with deformation in Quarternary deposits as
observed in two areas ofthe Ebro Basin (NE Spain); in both localities
the underIying Tertiary bedrock has a different lithology and struc-
ture. These deformations are essentially the result of two processes:
(a) introduction ofTertiary marIs into the Quaternary cover and (b)
halokinetic processes in gypsum. Numerous structures of diapiric
origin can be observed and they have been grouped into four types:
domaland tilt, related features, attributed toprocess(a), andpiercing
and domal-piercing, resulting from process (b). The effects of other
deformations have al so been observed and interpreted as being due to
karstic collapse. At some of the sites pebbles with impressions and
striae indicate amajor internal deformation. The piercing type shows
associated rever se faults, whereas in the domal-piercing type normal
faults are al so present. Field observation has been coroborated by the
construction of a scaled domal-piercing model. The Tertiary bedrock
lithology and structure greatly influence the type of features obser-
ved. Most structures are found in the upper and middle Quarternary
terraces.
Figure 1: Location of the areas studied (A and B) in the Ebro Dasin.
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In the western part, Rioja-Navarra area(A) (fig. 2),
there is a predominance of Oligocene outcrops, forming
relatively open folds, probably of Late Oligocene age,
whith horizontal axes running WNW-ESE with gypsum
beds in their cores. On the other hand, in the eastern,
Zaragoza (B) sector, the Miocene beds, which have
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Figure 2: Location and deformation typesIn th Navarra-Rioja (A) area; geological cross-section of Ihis area.
almost horizontal bedding, are predominant (fig. 3).
The existence of deformations in the Quaternary
deposits has been noted by numerous authors, most of
whom attribute the deformations to large-scale mobility
phenomena of Neogene evaporites (SOLE, 1953; RIBA
& LLAMAS, 1962; BOMER & RIBA, 1962). Others
such as JOHNSON (1960) and BROSCHE (1971) attri-
bute the discontinuities and convolutions of the Ebro
Basin quaternary deposits of the Zaragoza (B) area to
periglacial processes resulting in cryoturbations and ice
wedges. VANZUIDAM,ontheotherhand,(1976a, 1976
b) indicates that these forms have been produced by non
periglacial processes, and suggests that their genesis is pri-
marily due to (a) tectonic causes; (b) dissolution with sub-
sequent collapses; (c) the expansion brought about by the
anhydrite-gypsum transformation, and (d) sedimenta-
tion irregularities causing loading structures. Likewise,
some of the deformations found in the western sector of
the Basin are also attributed to recent tectonics (ATA-
RES, ORTEGA & PEREZ LORENTE, 1983). RODRI-
GUEZ (1986) studied deformations of Quaternary
deposits near Zaragoza. More recently, SIMON &
SORIANO (1986) have carried out a systematic and
detailed study of deformations, both small and large-
scale, along the south bank of the Ebro River in the Zara-
goza area. They have differenciated two principal types;
domal or pillow structures, which are incipient diapirs of
gypsum, and piercing structures, in which Neogene marls
are the active plastic material. These intrusive structures
are viscous diapirs which pierce the Quaternary overbur-
den and submit it to a horizontal compressive stress pro-
ducing reverse faults and flexures.
The purpose of the present work is to describe and
compare the deformational structures found in the Qua-
ternary deposits of the Navarra-Rioja (A) and the Zara-
goza (B) areas (fig. 1). As well as offer an interpretation
as to their origin and a discussion of the hypotheses made
by other authors till now (mainly tectonic, periglacial,
gravitational and diapiric). The writers have carried out
detailed field studies of outcrops in both areas, paying
particular attention to deformation features. In addition,
a geomorphological analysis was done using aerial pho-
tographs. Finally, several diapir models were constructed
to recreate the processes responsible for the structures
observed.
2 -DESCRIPTION OF THE DEFORMATIONAL
STRUCTURES FOUND IN THE
QUATERNARY DEPOSITS
The locations ofboth, the deformed and non-defor-
med deposits ofthe Navarra-Rioja (A) and Zaragoza (B)
areas are shown in Figs. 2 and 3, respectively.
SMALL-SCALE DEFORMATIONS IN QUATERNARY DEPOSITS ... 235
C;rÍll _ _;;\ __ A-
~~~f~~~~~~~~~~f~~g~¿;·i iii8g~fft%8~ TIf: ill~
8
~
I
A
:::1
m
~ F=:::::phrl? 0:w~gyllllllUi~Llr1Iestone
Q_.UPP~'I••• 11:'1 I,H ('\>
a:
« D° Lo.•••.'er .0('l1lalZ ••• tpllace',
a: .Inddjer
~1:""""luPPtl o<1: _ •••.••• i.,rdlrnpr¡t" UndefüI Illerl
::l
°DIIPrJ'lnt'flt"
o 10 Km.
! !
4~---'Km M loren!:,
Qua t er no r,'
Figure 3: Location and deformation types in tbe Zaragoza (8) area ; geological cross-section of
Ibis area.
2.1. Deformations in Quaternary deposits associated to
T ertiary gypsum beds.
Site lB lies to the north of Zuera, where a pediment
deposit (G3) 5 m. thick, made up of angular pebbles of
limestone with an abundant sandy-silty matrix can be
seen. In this outcrop, the layers present an antiform struc-
ture, on an approximately N-S axis, running parallel to
the Gallego River in this area. Site 5B is situated NW of
Leciñena on a high pediment level, 05. The deposit is 13
metres thick and comprises angular pebbles of sandstone,
limestone and gypsum. Here there is an antiform-
synform association whith strikes1460and1740respecti-
vely; in fig. 4 the antiformal structure can be seen. Asso-
ciated with the syncline there are several reverse faults
runnings approximately parallel to the fold axes.
In the Navarra-Rioja (A) area tilted terraces can be
found in sites lA, 6A, BA, 15A and 16A. This kind of
structure occurs only on the limbs of anticlines with gypsum
- based cores in the Alcanadre - Villafranca area, and
affects those terrace levels between TI and T7 - with dips
up to 25O - of the Ebro, Ega and Aragon rivers systems.
In most of these sites no other internaI deformation
can be seen; however, in outcrop I5A near Alcanadre,
several types of deformation affecting one small area can
be observed. There, a high terrace (T7) of the Ebro River
is prominently exposed. It lies disconformably on the sou-
thern Iimb ofthe Tertiary Alcanadre anticline striking llO°
and dipping between 15-25 degrees. This tilt is accompa-
nied by normal faults and piercing marl bodies and asso-
ciated reverse faults (Ph. 2, plate 1).
2.2. Deformational struetures in Quaternary deposits
assoeiated to Tertiary marls.
At site 9A, approximately 4 Km NW of Andosilla,
deformational structures affect the River Ega's T4 terrace
level. The deposit is 10m. thick and the Tertiary bedrock
is not exposed. In this outcrop there are two groups of
Figure 4: Pil 58. Qualernary deposil witb anliformal slruclure. In tbe rigbl
side a reverse fault mayobe observed.
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Figures:Pit 9A. A: Detailed outline of renrse faults dipping southwards. B: Equal area projection of fault planes in this outcrop. For symbol
explanation see fig. 7
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Figure 6: Outcropn.A. Intrusin body of Tertiary marls (dotted) piercing the quaternary cover.
reverse faults, separated by an area ofvery little deforma-
tion. In each of the groups the faults present similar stri-
kes; those located farther to the NE dip east, whereas in
the other group the fractures dip south. The fault planes
of both groups converge towards the top of the terrace
(fig. 5 A al}d B). This arrangement is compatible with a
stress system with a 01 axis on the horizontal plane
brought about by the ascent ottwo oblique elongated dia-
pir bodies of strikes 150 and 090.
In pit IIA there appears a terrace T4 ofthe Ega river
15 m thick. It is made up of gravels with caIcareous peb-
bles with intecalations of sandy layers 20-30 cm thick. On
bottom of the Quarternary deposit Tertiary marls can be
seen. Inside the marls there are numerous sliding planes
with slickenside striations. The contact between the Ter-
tiary marls and the Quaternary cover are very irregular:
normal and reverse faults, identations, etc ... (Fig. 6). In
other cases, as for example on terrace level T5 ofthe River
Ebro (pit lOB), reverse flexures are present. Structures
like these can befound in pits 3A, 7A, HA, 6B, 12B.
Sites 9B and lOB, located in the quarries 3 Km. NW
of Zaragoza, correspond to the River Ebro's T5 terrace
which is made up of gravels with a sandy-silty matrix with
sporadical intercalations of sandy layers; in the upper
part of the deposit, ochre and reddish shales whith a cal-
crete of up to 2 meter s thick are exposed.
The two quarries - which are located near each other
-lie on the W and E limbs, respectively, of a large dome-
shaped bulge. At these two stations, piercing bodies of
Tertiary marls several meters to tens of meters in size are
associated with metric scale bulges within the Quaternary
cover.
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Figure 7: Outcrop 108. A: Equal area stereographic projection of bedding poles. 8; Equal area stereographic projection of structural features.
e:Normal faul! affecting Tertiary marls and the Quaternary cover.
In outcrop lOB a series of structures - normal faults,
reverse faults and clay-filled fractures - are present (fig.
7B). Here normal and reverse faults have similar strikes
(NNE to ENE) but dip in opposite directions. Some nor-
mal faults in the quarry 10B appear to be clearly the result
of the diapiric movements; they occur as mechanical con-
tacts between the marly material, which has probably rea-
ched upwards, and the Quaternary cover (fig. 7C). Other
deformations observed in this outcrop are the flexures in
the Quaternary cover that correspond to the settling along
subvertical fault planes which extend from the Tertiary
bedrock to the Quaternary overburden. Finally, another
feature of quarry lOB is the presence of clay-filled nearly
vertical joints, which cross the entire Quaternary cover.
X-ray diffraction analysis carried out to determine the
origin of the clay and their mineralogical composition
suggest that these clay-fillings come from the soillevels
situated in the uppermost part of the deposit, and not
from the injection of bedrock material.
Site 8A is situated on a scarp where one ofthe River
Ega's terraces - corresponding to level T4 - is exposed;
this deposit is some 15m thick, and consists essentially of
gravels with calcareous pebbles. Within it, one can
observe an intrusive body of Tertiary marls having
mechanical contacts with the Quaternary deposito The
most out standing feature of these marls is the large-scale
bulging ofthe terrace. This domal structure, which can be
identified on an aerial photograph, is most prominent in
the scarp area. In addition, open irregular cracks, several
meters long, cross the Quaternary detrital deposit and
could be the result of diapiric movements. Other metric-
sized structures such as tight folds are also presento
In sites 3A, 7A, 9A, lOA and 6B, 9B and lOBwe have
found calcareous pebbles with pits (Ph.1, plate 1) and
slickenside striations. These dents vary in shape and size
ranging from round to elliptical and in section, from flat
to concave.
Apart from the described deformations we have
found other kind of structures with clearly different mor-
phology. One of these structures can be seen in figure 8. It
has a morphology of a well-shaped doline, with a sinked
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Figure 9: Deformational types deseribed in the textoA: Piercing. B: Domal·
piercing. C: Doma!. D: TUt. E: Combination of domal (heetometrie seale)
and piercing (metrie seale) types.
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Figure 8: Deformational strueture due to karstie eollapse observed
in outerop 4.A.
zone separated from the undeformed deposit by sharp
vertical discontinuities. We believe that these structures
have been undoubtedly generated by karstic collapse pro-
cesses. It is a very common phenomenon in the Ebro
Basin, both in ancient and actual times, and it has been
mentioned by some authors (VAN ZUIDAM, 1976 a, b;
RODRIGUEZVIDAL,1986andBENITO&GUTIER-
REZ, 1987); it is due to the dissolution of the gypsyferous
material of the underlying Tertiary bedrock.
3 - INTERPRETATION OF THE DEFORMATIONS
Various patterns of deformation are suggested to
explain deformational structures found into the Quater-
nary deposits and the morphological relations between
the Tertiary bedrock and the Quaternary cover (fig. 9).
Deformational structures found in pits lB and 5B
are related to the"doma]" pattern(fig. 9C). The domal
type is a dome in the sense used by RAMBERG (1981, p.
246): "a geometric figure with a convex surface facing
upward'; and it is the first stage of Trusheim's model of
diapiric evolution (TRUSHEIM, 1960, fig. 14). It is due,
therefore, to halokinetic phenomena and is characterised
by a bulging ofthe Tertiary gypsyferouys bedrock and the
passive Quaternary cover without any mechanical con-
tact occurring between them. Some fractures, reverse in
pit 5B, may appear into the Quaternary cover (see fig. 4).
Terrace tilting(fig. 9D) in the Rioja-Navarra area is
a phenomenon mentioned by several authors (BOMER y
RIBA, 1962; GONZALO MORENO, 1978). In this sec-
tor of the Ebro Basin, folding processes due to tectonics
began in the Oligocene and they probably lasted until
middle Miocene. We believe that these folds worked
during the late Miocene and Quaternary age due to large-
scale halokinetic phenomena.
The structures observed in sites 3A, 7A, 9A, IIA, 6B
and 12B can be related to thepiercing type(fig. 9A). In
this model marls penetration in the Quaternary cover is
possible due to the low strengh of the latter. This intrusion
generates a horizontal compression stress(0-1).The pier-
cing type explains therefore the presenceof rev rse faults
marginal to the intrusion of marls. The conditions neces-
sary to begin the process are (a) water saturation of the
Tertiary marls and (b) load differences caused by sedi-
mentation irregularities, erosion, or perhaps, by move-
ments due to regional tectonics. Diapirs in lutitic deposists
has been mentioned by MICHEL (1962) and FREEMAN
(1968).
However, in sites 8A, lOA, 6B, 9B and IOB we have
found some features that cannot be explained by the
models describeb above: normal faults, which are incom-
patible with the piercing interpretation and bulging ofthe
topographical surface. Can thenormal faultsand bulging
be explained by diapir dynamics of marls? The writers
believe that thedomal-piercing model(fig. 9B), which we
will describe in this paper fits the observed data best.
Our study shows piercing forms of metric and deca-
metric scale, which produce bulging in the cover, and
which are reflected in the topography. These intrusive
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Figure 10: Evolution of the experimental model of the domal-piercing
diapir type.
B
of the marly matter. As has been observed in site IOB,
normal and reverse faults have similar strikes but dip in
opposite direction.
The authors have construted a model in order to
check the validity of this domal-piercing type. It consists
of a glass box which contents a cIay cake simulating the
marls of the Tertiary bedrock topped by layers of fine-
grained sand of various colours representing the non-
consolidated Quaternary cover. In the centre ofthe plastic
cIay a wedge-like section was cut in order to simulate the
intrusive body. This arrangement is somewhat similar to
those models used by SANFORO (1959), WEINBERG
(1979) and LOWEL (1970) in order to simulate geological
conditions very differents from ours (antithetic faults,
drape folds, etc.). The deformation, obtained by us, that
occurs when the cIay wedge is raised may be divided into
3 stages, starting from the non deformed state (fig. lOA).
- Stage 1 (fig. IOB): A surface bulge is produced
when the wedge starts to perforate it, with outlines of sub-
vertical reverse faults appearing.
- Stage 2 (fig. 1OC): There is a further bulging of the
cover and on the edges of the wedge there appear reverse
faults that start to affect the sandy cover without reaching
the surface.
- Stage 3 (fig. 100): The deve10pment of reverse
faults continues along the wedge edges, and they affect
the sand layer to a greater depth. The sandy surface no
longer bulges homogeneously and the vertical deforma-
tion is transformed into the appearance of two normal
faults that extend the wedge limits as far as the surface.
As a concIusion of our experiment, we have obser-
ved that it is possible for normal faults to be related in ori-
gin to reverse ones, all of them related to diapiric
movements; in particular where there is a bulging of the
cover. This deformation scheme differs from the piercing
model suggested by SIMON& SORIANO (1986) in
which only the formation of reverse faults is explained,
due to a compression on the horizontal plane brought
about by marly intrusion. This intrusion does not bring
about bulging and therefore, the increase in space neces-
sary to favour the formation of normal faults does not
exist.
The fact that in the proposed mode1 the intrusion of
material is carried out on defined plane indicates that the
intrusive body does not have such fluid behaviour as in
other piercing diapirs. In these, the interpenetration ofthe
intrusive marl and the Quaternary cover is greater, and no
cIear planes of separation exist between them. Thus, it is
not a piercing diapir form similarto RAMBERG's (1981)
experimental models at least in the areas of contact with
the cover.
As regards the generation mechanism, both in the
piercing and domal-piercing types, the active role is
played by the Tertiary marls, whereas in the domal type
and the tilts, deformation is generated by gypsum. In the
case of marl diapirs, the development of diapirism may be
activated by lithostatic imbalance, despite the relatively
small difference of densities between the Tertiary bedrock
and the Quaternary cover (2-2.1 gr / cm3 for the Tertiary
marls and 2-2.5gr/cm3 for the detrital cover, after
SIMON & SORIANO, 1986). Other factors in the deve-
lopment of diapiric processes may be given by the varia-
tions in the thickness of the cover of syn-sedimentary or
erosional origin, karstic phenomena, and, overall, the
plastic behaviour of marls, which is favoured by water
saturation during the ascent of the water table (probably
coinciding with diapiric movements).
o
e
A
marly bodies are at places limited by normal faults, which
act as contacts extending upwards into the Quaternary
detritus, and displacing it (fig. 7C, in site IOB shows one
of these normal faults; in this outcrop there are also asso-
ciated reverse faults). On the other hand, the reverse
faults associated with them may be explained by the stress
regime with aO"I horizontal axis created by the intrusion
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In some cases - sites 9B and 1OB,described above - a com-
bination of metric to decametric scale structures can be
seen. Domal forms severall 00 meters in size, consiting of
marly-gypsum bedrock bulges, give rise to a deformation
of wide radius in the Quatemary cover. Marls are also
capable of generating piercing bodies -generaUy of metric
dimensions - that cross all or part of the overlying alluvial
deposit (fig. 9E). This movement pattem does not exactly
match the diapiric evolution model but forward by
TRUSHEIM (1960), since we do not know if both types
of deformation -domal and piercing -are genetically rela-
tOOor whether they form part of the diapiric evolutin:! sta-
ges described by this author.
We have remarkOO the occuring of impressed peb-
bles in the Quatemary deposits affected by diapiric defor-
mations. This pressure solution processes must be relatOO
to the movements of marls wbich produce stresses diffe-
rent from lithostatic inside of the Quatemary cover. Pit-
ted pebbles found by us cannot be explainOOby lithostatic
pressure only because MORAWIETZ (1958, pp. 80-81; in
TRURNIT, 1968) and VON ENGELHARDT (1960, p.
27; in TRURNIT, 1968) found about 3040 m of over-
laying sOOiments necessary for the development of
impressions in limestone pebbles. None of the Quater-
nary deposits studiOO by us reaches tbis tbickness. We
have observOO that impressions have not any prefferOO
orientation (see photo 2, plate 1). We believe that impres-
sions formOO paraUel to the 01 axis creatOO by the intru-
sion of marls; rotation of pebbles during the ascent of
diapir can explain the random orientation of pits.
As regards the hypotheses suggested by other au-
thors to explain deformations, the periglacial origin can
be rejectOOsince deformations only appear when the Ter-
tiary bedrock is made up by gypsum and marls. Besides,
the occurrence during the Quatemary of a periglacial cli-
mate in the studiOOarea is not probable because of its lati-
tude and highness (between 35~2oo m). In the same way,
the deformations due to karstic collapse are very different
from those we have includOOin the four main types, as we
have explained in section 2. We reject other possibilities
such as the possibility of being "water scape" structures,
since the Quaternary cover is too thin and permeable to
reach the value of fluids pressure necessary to produce
deformation of "metric to decametric" scale due to this
origino FinaUy, in some places, normal faults are not
clearly related to marly bodies and the possibility of being
caused by regional tectonics can be considered.
4 - COMPARATIVE ANALYSIS
OFTHEAREASUNDERSTUDY
The Tertiary bedrock on which the deformed Qua-
ternary cover lies is made up of gypsum and marls of Oli-
gocene age in the Navarra-Rioja (A) area and of Miocene
age in that of Zaragoza (B). We have studiOOQuaternary
deposits lying on other bedrocks (clays, limestone,
sands), but no diapiric deformation was observed. In the
piercing and domal-piercing types the active role is taken
up by Tertiary marls and, more rarely and on a smaller
scale, by clays interbedded in the Quaternary deposits.
Therefore, this is not a clear case of halokinetic deforma-
tion in which evaporites are the main factor responsible
for the deformations. However, in some cases, Tertiary
gypsum playa significant role; as in the Zaragoza (B)
area, where domal diapirism has been definitely recor-
dedo On certain localities orthe Leciñena and Zuera areas
folds ranging from "decimetric to metrie" scale appear in
the gypsum. In the genesis of wide radius tilts that affeet
the Quaternary deposits, halokinesis due to gypsum
seems to be the most significant factor.
In addition to these lithological charasteristics, which
could explain the appearance of diapirism, the areas under
study are characterized by a Tertiary bedrock with clearly
differentiated structural features. The Navarra-Rioja
area shows a group of evident WNW -ESE trending folds
whereas the Zaragoza area is underlain by flat-lying
rocks. These features condition the presence of some par-
ticular deformation types: the tilts appear only in the wes-
tern area, and are always associated with the limbs of the
Tertiary folds. On the other hand, the tabular structure of
the Zaragoza area favours the presence of processes gene-
rating domal deformation. The piercing and domal-
piercing types are common to both areas and they depend
solely on the Tertiary bedrock lithology, which is in both
cases marly.
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Tableau 1: Spalial and chronological localton of lhe principal lypes of
deformalion. Numbers indicaling lhe siles in which deformalions ha ve
been found.
The chronological order of the pediment and terrace
levels are represented in Table 1, together with indications
of their heigt over the present thalweg. If we take into
account that many deformations are synsedimentary, the
chronological order of the deformations must be equiva-
lent to that shown in table I. As can be seen, most of the
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deformations arecentred on a few specific levels, between
50-100m. We believe that this can be due to outcrop con-
ditions in more recent Quaternary levels are worse than
those of higher levels (more ancient).
5 - CONCLUSIONS
The deformations appearing in the Quaternary
deposits oftwo areas ofthe Ebro Basin have been studied.
The lithological and structural characteristics of each sec-
tor are different. In the Navarra-Rioja (A) area (western
sector) the Tertiary bedrock is of Oligo-Miocene age, and
is in the form of an open folds trending WNW-ESE. In
the Zaragoza (B) area, on the other hand, the bedrock is
Miocene, and is near horizontal. Nevertheless, there are
some common lithological characters suggesting the
development of diapiric phenomena: the presence of
marl s and gypsum. Deformations in the cover have not
been proved in areas where Quaternary deposits rest on
cIay, limestones, and sandstones. In most of the diapiric
types studied the marls have played the active role in the
development of diapiric phenomena.
The deformations found fit unto four patterns:
domal, piercing, domal-piercing and tilts. The domal and
piercing types have been studied by SIM ON&SORIANO
(1986) in nearby areas within the Ebro Basin. The domal-
piercing type consists of piercing diapirs at metric to deca-
metric scale which produce cover bulging. In this latter
pattern the ascent of the marly body occurs along normal
faults that cross the Quaternary crust. These are associa-
ted with reverse faults situated in the most peripheral
zones of the intrusive body. This mechanism's validity
has been proved by means of an experimental analogical
model. The piercing and domal-piercing types appear in
both areas, whereas the tilts, possibly caused by large
scale gypsum halokinetic phenomena, are exclusive to the
western area.
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PLANCHEI
Photo 1:Calcareous pebbles as observed in outcrops 3A showing pronounced cavities.
Photo 2: Small-scale reverse faults in a sand bed of pit 15A.

